Non technical abstract
Regarding to the Kyoto Protocol of December 1997 the United Nations agreed on several conventions to stabilise the world climate and to reduce greenhouse gases (GHG), respectively. The international conferences on climate change in Buenos Aires and in Bonn in 1998 and 1999 established concrete steps towards efficient international climate change policy options. The explicit accomplishment of the Kyoto mechanisms, Joint Implementation (JI), Emissions Trading (ET) and the Clean Development Mechanism (CDM), were debated controversially, concrete steps and plans of fulfilment are still under discussion. Essentially, the proper definition of baseline emissions paths and the concrete implementation of an emissions trading scheme is discussed controversially. Emissions reductions can be reached by domestic actions or by Kyoto mechanisms including the option to trade emission permits within Annex B countries. Countries will trade emission permits due to their marginal abatement costs, regions facing high marginal abatement costs by, for example, high carbon intensities within main sectors of their economies possess huge incentives to buy emissions permits. Countries with declining emissions because of substantial economic destruction like Russia or Eastern Europe will appear with emissions below their committed reduction target and will consequently prefer selling their emissions permits, entitled as "hot air" effect. This paper investigates the world economic implications by implementing the Kyoto mechanisms. More precisely, an emissions trading system between industrialised countries (Annex B) is studied by a consideration of different kind of assumptions about world emissions development and a ceiling on emissions trading options.
Main outcome of this analysis demonstrates that a full emissions trading scheme better off all world economies, a ceiling on emissions trading leads to substantial overall and regional welfare losses. 
Technical abstract

Previous model results
In order to provide an assessment and estimation of conceivable impacts by the implementation of the Kyoto mechanisms various kind of world economic assessment models are applied by many scientists. On world level, it is important to include all relevant world regions and main energy and carbon intensive sectors. Kyoto mechanisms assessed by world models lead mainly to a favourite assessment of a full global emission trading system because of cost minimisation options by all participating countries. JI and CDM opportunities can often only be modelled by an emissions trading system between developed and developing countries neglecting direct capital transfers inducing increased energy efficiency within the host country.
Within this chapter merely a small number of model results, the permit prices due to Annex B emissions permit trading and full carbon emission trade are compared and evaluated. Model results are often distinguished in order to assess the impacts of full carbon permit trade against ceiling opportunities on a trading system. Model construction and assumptions deviate widely, main models can be classified as Integrated Assessment models (IAM) focusing more or less on a dominant economic or policy evaluation characterisation. 
Model description
In order to investigate the economic impacts of international GHG mitigation policies induced by the Kyoto The economic structure of each region consists of 4 production sectors, one non-energy sector and three fossil fuel sectors traded internationally for oil, gas and coal. All products are demanded by intermediate production, exports, investment and a representative consumer, market actors behave within a full competition context, i.e. they take the market price as given with the exception of OPEC countries which can influence the price of oil (non competition case for oil). Consumption and investment decisions are based on rational point expectations of future prices. The representative agent for each region maximises lifetime utility from consumption which implicitly determines the level of savings. Firms choose investment in order to maximise the present value of their companies.
In each region production of the non-energy macro good is captured by an aggregate production function which characterises technology through transformation possibilities on the output side and substitution possibilities on the input side (between alternative combinations of inputs). Goods are produced for the domestic and for the export market. Production of the energy aggregate is described by a CES function which reflects substitution possibilities for different fossil fuels (i.e., coal, gas, and oil) and capital, labour representing trade off effects with a constant elasticity of substitution. Fossil fuels are produced from fuel-specific resources and the non-energy macro good subject to a CES technology.
The CES production structure follows the concept of ETA-MACRO combining nested capital and labour at lower level. Energy is treated as a substitute of a capital labour composite determining together with material inputs the overall output (see Figure 2 ). Coal production in the OECD and gas production in Russia grow with energy demand at constant prices. The elasticity of substitution between the resource input and non-energy inputs is calibrated to meet a given price elasticity of supply. Exhaustion leads to rising fossil fuel prices at constant demand quantities. The carbon-free backstop technology establishes an upper bound on the world oil price, this backstop fuel is a perfect substitute for the three fossil fuels and is available in infinite supply at one price, which is calculated to be a multiple of the world oil price in the benchmark year. The dynamic model is a growth model, i.e. within equilibrium conditions all sizes are rising by a same growth rate. In the long run, a cap on emissions by an overall upper limit of emissions turns out to be difficult to meet.
Domestic Export
Because of that a carbon free backstop technology can be utilised within future times at price f BS $/t CO 2 . Zero profit condition is determined by:
Price of consumption good
Costs of carbon free energy supply
BS:
Activity level of backstop technology A representative agent for each region maximises its region's discounted utility over the model's time horizon under budget constraint equating the present value of consumption demand to the present value of wage income, the value of initial capital stock, the present value of rents on fossil energy production and tax revenue. In each period households face the choice between current consumption and future consumption, which can be purchased via savings. The trade-off between current consumption and savings is given by a constant intertemporal elasticity of substitution. Producers invest as long as the marginal return on investment equals the marginal cost of capital formation. The rates of return are determined by an uniform and endogenous world interest rate such that the marginal productivity of a unit of investment and a unit of consumption is equalised within and across countries. The primary factors, capital, labor, and energy are combined to produce output in period t. In addition, some energy is delivered directly to final consumption. Output is separated in consumption and investment, investment enhances the (depreciated) capital stock of the next period. Capital, labor, and the energy resource earn incomes, which are either spent on consumption or saved. Saving equals investment through the usual identity (see Figure 3 ).
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One representative agent by each region demands a composite consumption good produced by combining the Armington good and the household energy aggregate good according to a CES configuration. σ end describes the elasticity of substitution between the composite macro good and the energy aggregate. Aggregate end-use energy is composed of oil, gas, and coal with an interfuel elasticity of substitution equal to one. The backstop fuel is a perfect substitute for the energy aggregate. Purchase of the good is financed from the value of the household's endowments of labor, capital, energy specific resources, and revenue from any carbon tax or permit prices, respectively (see Figure 4) . According to regional abatement costs countries will sell or buy emission permits. Countries facing high abatement costs above permit prices will purchase emission permits, regions with marginal abatement costs lower than the permit price will vend emission licenses. Revenues from selling permits are refunded lump-sum back to the representative consumer in the abating country. Within this context it has to be stressed that problems around the concrete implementation of the flexible mechanisms and emissions trading scheme, like on compliance, early crediting and cheating in order to influence permit prices etc. are neglected within the modelling context.
Because of the international and flexible structure WAGE is especially useful to investigate international GHG abatement policies under various key assumptions variations like the world and regional development of emissions baselines or a full versus a ceiling on emissions trading.
Ceiling on trade under assorted emissions baseline assumptions
The quantitative results contain committed emission reduction levels for specific countries due to the Kyoto protocol mitigating greenhouse gas emissions by 5. The initial permit allocation is defined by the Kyoto protocol, the revenue is lump-sum transferred back to the individual economies. Annex B emissions permits trading offers the opportunity for participating countries to sell and buy permits due to their reduction targets and marginal abatement costs. As expected within a general equilibrium modelling framework, global welfare is improved by Annex B permit trading revealing permit trading as a Pareto -improving policy measure.
A comparison of a trade versus no trade scenario demonstrate that all countries can benefit by Annex B permit trading, mainly countries in transition as REC because of the "hot air" effect previously described. Assumptions about low emissions baseline projections approves mainly economies with high emissions level allowing less mitigation levels but lowers on the other hand the opportunities for developing countries to grow as in a case with high economic expansion. In comparison to a full emission trade scenario with a moderate emission baseline development Annex B countries can benefit by welfare increases because of less efforts meeting the reduction target. EU 15 can increase welfare significantly because of higher options to be a net seller of permits. 9 In total, the negative effects by a ceiling on emissions trading are affecting the economies in transition most negatively resulting in additional negative impacts for developing countries. EU 15, as the main advocate of a ceiling on emissions trading, can benefit by an emissions trading system and will suffer by committing their reduction targets through mainly domestic action (HC Carbon emission mitigation targets due to the Kyoto protocol induce not only negative economic impacts to industrialised and developed countries with high emission levels and emissions reduction target but likewise negative impacts to developing countries because of international energy use decreases inducing productivity and international energy price cutbacks. Within the Kyoto protocol emissions permits can be traded due to the initial allocation of signed emissions abatement targets between Annex B countries, model calculation reveal a substantial increase of welfare by meeting the emissions reduction target allowing permit trading.
Regionally, countries in transition like Eastern Europe and Russia increase welfare significantly by facing the "hot air" effect. Because of high marginal abatement costs, USA, Japan and EU15 benefit as well by an Annex B trading system, these effects are highest within low baseline emissions assumptions because of lower efforts to meet the targets. A ceiling on emission permit trading induce global negative economic implications, the "hot air" effect can only be weakened by huge welfare losses.
